We calculate ab-initio the electronic states and the Born dynamical charge Z * of the alkaline-earth oxides in the local-density approximation. We investigate the trend of increasing Z * values through the series, using band-by-band decompositions and computational experiments performed on fake materials with artificially-modified covalence. The deviations of Z * from the nominal value 2 are due to the increasing interaction between O 2p orbitals and unoccupied cation d states. We also explain the variations, along the series, of 1
macroscopic electric fields. The Born charge of a given ion is also defined as the second derivative, with respect to the field and to the displacement, of a suitable thermodynamic potential (see e.g. Ref. 5 , Sec. VIII). As such, Z * measures the linear polarization induced in zero field by a unit sublattice displacement, or equivalently the linear force induced by a unit field upon a given ion, at zero displacement. The modern theory of the macroscopic polarization-implemented in the present study with first-principles methods-allows one to calculate Born charges as Berry phases.
4,5
All our calculations are semirelativistic and use the self-consistent full-potential linearized-augmented-plane-wave (FLAPW) method. 6 The local-density approximation (LDA) to the density functional theory with the Hedin-Lundqvist exchange and correlation potential has been used. Through this study, we have used the experimental lattice constants of the materials, whose values in a.u. are 7.97 (MgO), 9.09 (CaO), 9.75 (SrO), and 10.46 (BaO). In the following, we will indicate generically as MO any one of these four oxides.
The accurate evaluation of the MO wavefunctions, as required in the calculation of Berry phases, 4,5 is a challenge for all band structure methods, including pseudopotentials, because of the large energy range that must be spanned by the basis functions. All occupied states ranging from cation M np (Mg: n=2; Ca: n=3; Sr: n=4; Ba: n=5) and oxygen 2s up to oxygen 2p have a priori to be retained, leading, e.g., to an energy range of 39 eV for MgO.
Specific to the LAPW method is the fact that O 2p tails extending inside the cation muffintin spheres have to be described very accurately. This is a difficult task in the standard We show in There are also conspicuous conduction-band differences between MgO and the other oxides, which can be understood easily in terms of M nd states. For Mg (n=2), these states are absent and the gap is direct, whereas for n>2 they contribute significantly to the lowest conduction bands, leading to an indirect gap at X. The lack of d states at low energy in MgO is also responsible for a lattice constant significantly smaller than in the other compounds.
In order to separate a pure volume effect, we have performed an additional self-consistent band-structure calculation for MgO under a huge negative pressure, such that the lattice constant is increased up to that of CaO: these bands are shown in Fig. 1b Table I In order to substantiate this claim, we have performed a series of calculations on fake materials, where the bonding of O 2p states with cation nd states is artificially suppressed by adding a repulsive potential, confined to the cation sphere, and acting only upon the d radial wavefunctions. The unoccupied nd states are then pushed higher in energy. The calculated effective charges, for the whole series of fake materials, are reported in Table II. As expected, our modification of the potential has no effect on the calculated Z * of MgO; Finally, we note an heuristic trend in the partial contributions given in Tables I and   II, 
